Introduction
Resistive random access memory (ReRAM) has been investigated as one of promising memories for next generation. In many oxide films, resistance switching phenomena has been observed. Among them, perovskite oxides such as Pr 0.7 Ca 0.3 MnO 3 [1] and Cr-doped SrZrO 3 [2] were reported that there is a feature that their resistance switching depends on the polarity of bias voltage and switching speed is fast (less than 100ns). Perovskite oxides, however, consist of more than 3 components, and so are not easily applicable to semiconductor manufacturing process. Recently, high speed, polarity dependent resistive switching was observed in TiO 2 /TiN films, CMOS compatible materials [3] .
In this paper, we investigated the nanosecond order resistance switching characteristics of Pt/TiO 2 /TiN structure with set/reset and multi-level operation.
Experimental
100 nm thick TiN films were deposited on Pt/Ti/SiO 2 /Si substrates by a reactive sputtering. The surface of the TiN film was oxidized at 550°C for 10 min in O 2 ambient. According to the Rutherford backscattering spectroscopy (RBS), 100 nm thick TiN film was changed into the 70 nm-thick-TiOx (x=2.02) /50nm-thick TiN as shown in Fig.1 . 50 nm thick Pt top electrodes was deposit by dc sputtering and then 20x20µm 2 junctions were patterned by photolithography and reactive ion etching.
Results and Discussion
After the initial soft breakdown (forming), Pt/TiO 2 /TiN resistor shows typical switching characteristics as can be seen in Fig.2 (a) and (b). "Reset"; resistance switching from low resistance state (LRS) to high resistance state (HRS) takes place at positive bias voltage, and "Set"; resistance switching form HRS to LRS at negative bias voltage. I-V curves were measured with a different current compliance; 1mA, 500µA, 200µA, and 100 µA in the "set" region as shown in Fig.2 (a). As current compliance decreased, hysteresis has shrunk, and LRS approached to HRS. Next, I-V curves were measured at different sweep range; voltage max (V max ) was varied as 1.5, 1.2, 0.9, and 0.6V in the "reset" region as shown in Fig.2 (b) . As V max decreased, hysteresis has shrunk, HRS approached to LRS.
Considering the real memory device, resistance switching by pulses is required. As for switching speed, Pt/TiO 2 /TiN resistor show quite fast switching (less than 5 ns) for both "Set" and "Reset" pulse application.
From I-V characteristics, multiple level storing can be achieved in Pt/TiO 2 /TiN resistor by controlling current compliance at "Set" state or pulse amplitude at "Reset" state.
We evaluated the potential for multiple-valued memory by writing with changing the pulse amplitude. At first we examined the write pulse amplitude dependence on the resistance change of a Pt/TiO 2 /TiN resistor. After applied the 5 ns pulse with changing the pulse amplitude, the resistance change at 50mV was measured ( Fig.3 (a) ). Then the pulse amplitudes for state "0", "1", "2", and "3" were set as -3.2V, 3.2V, 3.7V, and 4.0V, respectively. Figure 3 (b) shows the resistance change versus electrical pulse number for the Pt/TiO 2 /TiN resistor. We confirm that 4-level states were achieved by triggering the successive pulses.
Conclusion
We fabricate Pt/TiO2/TiN resistor and investigate the resistance switching characteristics. The switching speed of Pt/TiO2/TiN resistor was less than 5ns for both "Set" and "Reset" switching. We demonstrated that 4-level resistance states were took place by successive 5ns pulses with different pulse amplitude. These results indicate that Pt/TiO2/TiN resistor has a potential for non-volatile multiple-valued memory device.
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